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[1] The poleward shift of the Southern Hemisphere surface
westerlies in recent decades is examined in reanalysis data
and in the output of coupled atmosphere-ocean and
uncoupled atmospheric models. The space-time spectra of
the eddy momentum fluxes in the upper troposphere reveal
a trend that marks an increase in the eastward phase speed
of the tropospheric eddies accompanied by a poleward
displacement of the region of wave breaking in the
subtropics. A dynamical mechanism is suggested that may
help explain the connections among the lower stratospheric
wind anomalies, the increased eastward propagation of
tropospheric eddies and the poleward shift of the
tropospheric circulation. Citation: Chen, G., and I. M. Held

(2007), Phase speed spectra and the recent poleward shift of

Southern Hemisphere surface westerlies, Geophys. Res. Lett., 34,

L21805, doi:10.1029/2007GL031200.

1. Introduction

[2] The Southern Hemisphere surface westerlies and
tropospheric jet have been observed to shift poleward in
recent decades. This poleward shift is generally described as
a trend of the Southern Hemisphere Annular Mode (SAM)
towards its positive phase [e.g., Thompson and Solomon,
2002]. This trend, originally detected in reanalyses, has
been confirmed in radiosonde data [Marshall, 2003] and
satellite observations [Fu et al., 2006].
[3] A positive SAM trend is also seen in model simu-

lations of the late 20th century and projections of future
climate change. Models predict a consistent positive trend
due to increases in greenhouse gas concentrations [e.g., Fyfe
et al., 1999; Kushner et al., 2001], as well as to decreases in
stratospheric ozone concentrations [e.g., Kindem and
Christiansen, 2001; Gillett and Thompson, 2003]. Recent
studies suggest that stratospheric ozone depletion may have
been a greater contributor to the observed SAM trend in the
late 20th century, but that the response to the greenhouse
gas increases is large enough that it will likely sustain the
positive trend throughout the 21st century despite the
predicted recovery of stratospheric ozone concentrations
[e.g., Arblaster and Meehl, 2006; Miller et al., 2006].
[4] Evidence has also been found that large anomalies in

the strength of the stratospheric polar jet are followed by
persistent anomalies in the tropospheric annular mode [e.g.,
Thompson et al., 2005]. Several idealized models have also

shown a robust poleward shift of surface westerlies in direct
response to the increased stratospheric winds [e.g., Polvani
and Kushner, 2002], leaving little doubt as to the plausibil-
ity of a causal linkage pointing from the stratosphere to the
troposphere.
[5] ‘‘Downward control’’ theory, in which a change in the

stratospheric zonal momentum balance can result in a
tropospheric response through residual meridional circula-
tions, can explain a small change in surface winds [Haynes
et al., 1991], but it cannot explain the observed shift of the
tropospheric eddy momentum fluxes that accompanies the
lower stratospheric wind anomalies [Limpasuvan et al.,
2004] and the modelled trends in the latitude of surface
westerlies [e.g., Polvani and Kushner, 2002]. From the
perspective of angular momentum balance, a substantial
change in surface torques associated with the poleward
displacement of surface westerlies can only be plausibly
maintained by a corresponding poleward displacement of
the eddy momentum fluxes in the troposphere.
[6] We consider the possibility that the stratospheric

winds affect tropospheric eddy momentum fluxes by mod-
ifying the eastward propagation of tropospheric eddies. In a
baroclinic eddy life cycle study, Wittman et al. [2007] finds
that increasing the lower stratospheric wind accelerates the
phase speeds of tropospheric eddies in the linear stage, and
generates a more poleward displacement of the tropospheric
jet in the nonlinear stage. Chen et al. [2007] has argued that
the poleward shift in the surface westerlies seen when one
decreases the strength of surface friction in a model is the
consequence of an increase in eddy phase speed. Chen et al.
[2007] also describes a stochastically stirred shallow water
model of the upper troposphere, in which the eddy momen-
tum flux pattern shifts poleward as the phase speed of
eddies is increased. These results suggest a unifying mech-
anism, helping to explain the response of the circulation to
stratospheric ozone reduction and to global warming, and
more generally, the influence of the stratosphere on tropo-
spheric annular mode-like anomalies: an increase in lower
stratospheric/upper tropospheric zonal winds increases the
eastward phase speed of tropospheric eddies, and this
increase in phase speed, by displacing the region of sub-
tropical wave breaking polewards, shifts the eddy momen-
tum fluxes polewards, as well as the surface westerlies that
are maintained by these momentum fluxes.
[7] A necessary condition for this picture to be relevant to

the observed shift in the Southern Hemisphere circulation is
that there be a trend towards increased eastward eddy phase
speeds. In this paper, we study trends in reanalysis data in
the upper tropospheric eddy momentum flux spectra, and
the corresponding spectra in coupled and atmosphere-only
climate models. After first presenting the spectra in the
reanalysis data and then in the GCMs, we return briefly to
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